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Background: The flowers of Inula japonica (Inulae Flos) have 
long been used in traditional medicine for the treatment of in-
flammatory diseases. In the present study, we investigated 
the anti-inflammatory properties of Inulae Flos Extract (IFE). 
Methods: The anti-inflammatory effects of IFE against nitric 
oxide (NO), PGE2, TNF-α, and IL-6 release, as well as 
NF-κB and MAP kinase activation were evaluated in RAW 
264.7 cells. Results: IFE inhibited the production of NO and 
the expression of inducible nitric oxide synthase (iNOS) in 
LPS-stimulated RAW264.7 cells. In addition, IFE reduced the 
release of pro-inflammatory cytokines, such as TNF-α and 
IL-6. Furthermore, IFE inhibited the NF-κB activation in-
duced by LPS, which was associated with the abrogation of 
IκB-α degradation and subsequent decreases in nuclear 
p65 and p50 levels. Moreover, the phosphorylation of ERK, 
JNK, and p38 MAP kinases in LPS-stimulated RAW 264.7 
cells was suppressed by IFE in a dose-dependent manner. 
Conclusion: These results suggest that the anti-inflammation 
activities of IFE might be attributed to the inhibition of NO, 
iNOS and cytokine expression through the down-regulation 
of NF-κB activation via suppression of IκBα  and MAP kin-
ase phosphorylation in macrophages.
[Immune Network 2010;10(5):145-152]
INTRODUCTION
Inflammation is the host response to infection and injury that 
results in the production of a variety of pro-inflammatory cy-
tokines including TNF-α and IL-6. Also, PGE2 and NO, which 
are synthesized by cyclooxygenase (COX-2) and inducible ni-
tric oxide synthase (iNOS) respectively, are known to mediate 
inflammatory reaction. However, if left un-controlled, the in-
flammatory mediators become  involved in the pathogenesis 
of  many  inflammatory  disorders  (1).
    Expression of these inflammatory mediators can be regu-
lated  by  activation  of  the  transcription  factor  nuclear  factor 
kappa-B  (NF-κB),  which  plays  a  critical  role  in  regulating 
the  expression  of  various  genes,  including  cytokines,  iNOS 
and  COX-2  (2).  NF-κB  exists  in an active form  associated 
with regulatory protein, which is known as inhibitory protein 
of NF-κB (IκB). Upon stimulation by various inflammatory 
stimuli including LPS, the IκB kinase (IKK) phosphorylates 
IκB, inducing its ubiquitination and degradation. NF-κB is 
then free to translocate to the nucleus where it facilitates the 
transcription of many genes, including pro-inflammation me-
diators  such  as  iNOS,  COX-2,  TNF-α and  cytokines  (3,4). 
Because  of  its  ubiquitous  role  in  the  pathogenesis  of  in-
flammatory  gene  expression,  NF-κB  is  a  current  target  for 
treatment  of  various  diseases  (5).
    The  use  of  herbal  therapy  or  alternative  medicine  is  be-
coming an increasingly attractive approach for the treatment 
of various inflammatory disorders. The genus Inula consists 
of  more  than  one  hundred  species  and  is  found  mainly  in 
Mediterranean regions (6). The flowers of Inula japonica T. 
and  Inula  britannica  L.  have  long  been  used  in  traditional 
Chinese  medicine  for  the  treatment  of  digestive  disorders, 
bronchitis and inflammation (7). Here we decided to explore Flowers of Inula japonica Attenuate Inflammatory Responses
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the  mechanism  underlying  the  anti-inflammatory  effects  of 
Inula japonica. To examine if the ethanol extract of flowers 
of Inula japonica (Inulae Flos Extract, IFE) influences the in-
flammatory mediators, we investigated the anti-inflammatory 
functions of IFE in RAW 264.7 cells following LPS stimulation. 
In addition, we examined the LPS- induced DNA binding ac-
tivity  of  NF-κB  and  the  protein  levels  of  its  p50  and  65 
subunits.
MATERIALS AND METHODS
Plant materials
The dried flowers of Inula japonica (Inulae Flos) were pur-
chased from Omniherb (Youngchun, Korea). The Inulae Flos 
was extracted with ethanol at a ratio of 1：10 (w/v) and then 
refluxed for 24 h at 70
oC. Following extraction, the solutions 
were filtered and the solvents were evaporated under vacuum 
at  40
oC  (Eyela,  Tokyo,  Japan),  after  which  they  were 
freeze-dried  to  obtain  the  concentrated  extract  (yield  8%, 
w/w). The IFE was dissolved in dimethyl sulfoxide (DMSO) 
and diluted in the medium so that the final concentration of 
DMSO was less than 0.25% v/v. A control consisting of DMSO 
alone  was  also  run  in  all  cases.
Cell culture
RAW  264.7  cells  were  obtained  from  the  Korean  Cell  Line 
Bank  (Seoul,  Korea)  and  then  cultured  in  DMEM  supple-
mented with 10% FBS, 100 U/ml penicillin, 100μg/ml strep-
tomycin and 100μM MEM non-essential amino acid solution. 
In all experiments, cells were grown to 80∼90% confluence 
a n d  t h e n  s u b j e c t e d  t o  n o  m o r e  t h a n  1 0  c e l l  p a s s a g e s .
Measurement of cell viability
C e l l  v i a b i l i t y  w a s  a s s e s s e d  u s i n g  t h e  C e l l T i t e r  9 6  A q u e o u s  
One kit (Promega, Madison, WI,  USA).  Briefly,  RAW  264.7 
cells were seeded onto a 96-well plate at 5×10
4 cells/well. 
After incubation with various concentration of IFE, 20μl of 
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethox-
yphenyl)-2-(4-sulfopheny)-2H-tetrazolium  (MTS),  which  is 
converted to a formazan product by metabolically active cells, 
was added to each well. After 2 h of incubation, the optical 
densities at 490 nm were measured using a microplate reader 
( T e c a n  S y s t e m ,  S a n  J o s e ,  C A ,  U S A ) .
Measurement of nitric oxide
RAW  264.7  cells  (5×10
5  cells/well)  were  seeded  onto  a 
24-well culture plate at 37
oC for overnight in medium. The 
cells were preincubated with various concentrations of IFE for 
24 h. NO production was then monitored by measuring nitrite 
levels in the culture media using Griess reagent (1% sulfanila-
mide,  0.1%  N-1-naphthylenediamine  dihydrochloride  and 
2.5% phosphoric acid). The absorbance was measured at 570 
nm after incubation for 10 min. The nitrite levels in the sam-
ples were calculated from a standard curve generated using 
known  concentrations  of  sodium  nitrite.
Measurement of PGE2
PGE2  production  was  measured  in  culture  medium  to  de-
termine the inhibitory activity of IFE against COX-2. Briefly, 
RAW 264.7 cells were plated in  24-well plates at a density 
of  5×10
5/ml  in  DMEM  and  then  pretreated  with  IFE  for  1 
h, after which they were stimulated with LPS for 24 h. All 
reactions were stopped by centrifugation at 3,000 rpm g at 
4
oC for 5 min. The supernatant and cell pellets were immedi-
ately  frozen  in  liquid  N2 a n d  s t o r e d  a t  −80
oC  for  further 
analysis.  PGE2 w a s  d e t e r m i n e d  u s i n g  a n  e n z y m e  i m m u n o -
assay kit (Cayman Chemical, Ann Arbor, MI, USA) according 
to  the  manufacturer’s  instructions.
Enzyme-linked immunosorbent assay (ELISA)
The RAW 264.7 cells were plated in a 24-well culture dish 
at a density of 5×10
5  cells/well and then incubated with IFE 
in the presence or absence of LPS for 24 h. The supernatants 
of cell cultures with or without treatment with IFE were used 
to measure the TNF-α and IL-6 levels using ELISA kits (R&D 
Systems,  Minneapolis,  MN,  USA)  according  to  the  manu-
facturer’s instructions. The concentrations of TNF-α and IL-6 
in the samples were calculated from a standard curve devel-
oped  using  a  known  concentration  of  recombinant  TNF-α 
and  IL-6.
Western blot analysis
After  activation  with  LPS,  RAW  264.7  cells  (7×10
5)  were 
washed once with 10 mM PBS (pH 7.4) containing 150 mM 
NaCl and then lysed in PBS containing 0.1% SDS and 10 mM 
β-mercaptoethanol. The lysates containing 30μg of protein 
were applied to 10% SDS-polyacrylamide gels. The proteins 
were  then  transferred  to  nitrocellulose  membranes  in  20% 
methanol/25 mM Tris/192 mM glycine. Next, the membranes 
w e r e  b l o c k e d  w i t h  5 %  n o n - f a t  d r y  m i l k  i n  T T B S  ( 2 5  m M  
Tris-HCl, 150 mM NaCl, and 0.2% Tween-20) and then pro-
bed with various primary antibodies. After 1 h of incubation Flowers of Inula japonica Attenuate Inflammatory Responses
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Figure 1. Effect of IFE on LPS-induced NO production and iNOS expression in RAW 264.7 cells. Cells were pretreated with different concentrations 
of IFE for 1 h and then stimulated with LPS (200 ng/ml) for 24 h. The levels of nitrite were measured in the culture media by Griess reagents 
(A). Cells were harvested and the cell lysates were prepared as described in the experimental procedure. The protein levels of iNOS were measured 
by Western blot analysis using antibody against iNOS. Quantification of band intensities from three independent results was determined by 
densitometric analysis. The values were expressed as a percentage of maximal band intensity in the LPS-treated cells, which was set to 100% 
(B). Values are expressed as means±S.D. of three different samples. *p＜0.01, 
†p＜0.001, compared with the control value.
followed by three washes, the membranes were incubated for 
1 h with a secondary HRP-conjugated antibody. The protein 
bands  were  then  visualized  using  an  ECL  system.
Luciferase assay
A NF-κB luciferase plasmid was transfected into RAW 264.7 
cells  using  Lipofectamine  Plus
TM  Reagent  (Invitrogen,  Carls-
bad, CA, USA) according to the manufacturer’s recommend-
ations. Cells were pretreated with IFE for 30 min and then 
stimulated with LPS (200 ng/ml) for 6 h. Cell extracts were 
then prepared and assayed for luciferase activity using a lu-
minometer  (Promega,  Madison,  WI,  USA)  according  to  the 
manufacturer’s  instructions.
Statistical analysis
All values shown represent the arithmetic mean±S.D. One- 
way  ANOVA  was  used  to  determine  the  statistical  signifi-
cance.
RESULTS
Suppression of LPS-induced NO production and ex-
pression of iNOS by IFE
The effects of IFE concentration (12.5, 25 and 50μg/ml) on 
cell viability were assessed by an MTS assay and there was 
no  significant  change  in  cell  viability  observed  in  response 
to  these  concentrations  (data  not  shown).
  B e c a u s e  N O  i s  t h e  m a j o r  i n f l a m m a t o r y  m a r k e r  p r o d u c e d 
through the synthesis of iNOS during inflammation, we exam-
ined  the  effects  of  IFE  on  NO  and  iNOS  expression  in 
L P S - s t i m u l a t e d  R A W  2 6 4 . 7  c e l l s .  T o  a n a l y z e  t h e  N O  p r o -
duction, RAW 264.7 cells were pretreated with IFE for 1 h 
prior to stimulation with LPS (200 ng/ml). Following 24 h of 
LPS stimulation, the levels of NO in the culture media were 
determined. As shown in Fig. 1A, LPS stimulation resulted in 
a marked induction of NO production when compared to the 
untreated cells. However, pretreatment of IFE resulted in a 
marked reduced production of NO caused by LPS stimulation. 
We next examined the effect of IFE on iNOS expression. The 
significant induction of iNOS protein by LPS stimulation was 
inhibited  by  IFE  pretreatment  in  a  dose-dependent  manner 
(Fig. 1B). These results showed that IFE inhibited NO pro-Flowers of Inula japonica Attenuate Inflammatory Responses
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Figure 2. Effect of IFE on PGE2 generation and COX-2 expression in LPS-treated RAW 264.7 cells. Cells were pretreated with different 
concentrations of IFE for 1 h and then stimulated with LPS (200 ng/ml) for 24 h. After incubation, the PGE2 levels in the cultured media were 
measured using an ELISA kit (A). Cells were harvested and equal amounts of cell extracts were subjected to Western blot analysis using antibody 
against COX-2. Quantification of band intensities from three independent results was determined by densitometric analysis. The values were 
expressed as a percentage of maximal band intensity in the LPS-treated cells, which was set to 100% (B). Values are expressed as the means±S.D.
of three different samples. *p＜0.01, 
†p＜0.001, when compared with the control value.
duction  by  the  decreased  iNOS  protein  expression.
Effect of IFE on the LPS-induced production of PGE2 
and expression of COX-2
We  examined  the  effects  of  IFE  on  PGE2 p r o d u c t i o n  a n d  
COX-2 protein expression following LPS stimulation in RAW 
264.7 cells. Briefly, the cells were pretreated with IFE for 1 
h  and  then  stimulated  with  LPS.  After  incubation  for  24  h, 
the  production  of  PGE2  from  the  culture  supernatant  was 
measured using ELISA. As shown in Fig. 2A, the amount of 
PGE2  in  the  culture  supernatant  increased  with  LPS  stim-
ulation, and this increase was reduced by treatment with IFE. 
To  further  elucidate  the  effects  of  IFE,  we  evaluated  the 
COX-2 protein levels using Western blot analysis. COX-2 pro-
tein was not detected in the absence of LPS treatment, but 
the levels of COX-2 were significantly upregulated after LPS 
e x p o s u r e .  A s  s h o w n  i n  F i g .  2 B ,  I F E  e l i c i t e d  a  c o n c e n -
tration-dependent inhibition of LPS-stimulated COX-2 protein.
Effect of the IFE on cytokine release
To analyze the mechanism of anti-inflammation by IFE, we 
next determined the effect of IFE on LPS-induced production 
of proinflammatory cytokines including TNF-α and IL-6. Fig. 
3  demonstrated  that  unstimulated  RAW  264.7  cells  cultured 
for 24 h produced a negligible quantity of cytokines. However, 
the levels of TNF-α and IL-6 were increased in the culture 
supernatant of the LPS-stimulated cells, whereas pretreatment 
with  IFE  resulted  in  a  decrease  in  cytokine  production.
Effect of IFE on LPS-stimulated NF-κB activity
The transcription factor, NF-κB, is a pleiotropic regulator of 
many genes involved in immune and inflammatory responses, 
including leukocyte adhesion molecules (8). In response to 
external stimuli, C-bound IκB is phosphorylated, leading to 
degradation by the ubiquitin-dependent proteasomal system. 
This leaves NF-κB dimers free to translocate to the nucleus. 
Therefore, we examined the effects of IFE on LPS-stimulated 
IκB  degradation.  One  hour  of  pretreatment  with  IFE  fol-
lowed  by  treatment  with  LPS  for  30  min  suppressed  the 
LPS-stimulated IκB degradation in a dose-dependent fashion 
(Fig. 4A). Next, we investigated the translocation of the NF-
κB  subunit  p65  from  the  cytosol  to  the  nucleus  using 
Western  blot  analysis.  LPS  stimulation  caused  p65  trans-
location from the cytosol to the nucleus, while IFE inhibited 
this translocation (Fig. 4B). These results suggest that IFE re-
presses NF-κB translocation by inhibiting IκB degradation.Flowers of Inula japonica Attenuate Inflammatory Responses
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Figure 3. Effects of IFE on cytokine release in LPS-treated RAW 264.7 cells. Cells were pretreated with different concentrations of IFE for 1
h and then treated with LPS (200 ng/ml) for 24 h. The cytokine levels in the culture media were measured using an ELISA kit as described 
in the experimental procedures. Values are expressed as the means±S.D. of three independent experiments. *p＜0.05, 
†p＜0.001, when 
compared with the control value.
    The inhibitory effects of IFE on NF-κB activation were fur-
ther examined using an NF-κB-Luc vector. The NF-κB-Luc 
reporter vector contained four copies of the NF-κB binding 
s i t e  f o r  d e t e r m i n a t i o n  o f  N F - κB-driven  transactivation. 
Luciferase activity was increased after LPS stimulation, while 
pretreatment  with  IFE  dose-dependently  inhibited  this  in-
crease  (Fig.  4C).  These  results  suggest  that  IFE  inhibits 
LPS-stimulated NF-κB activation, leading to inhibition of the 
expression  of  iNOS,  COX-2  and  cytokines.
Effect of IFE on MAP kinases
MAP  kinases  are  known  to  be  important  for  the  activation 
of NF-κB. To determine if the inhibition of NK-κB activa-
tion by IFE is mediated through the MAP kinase pathway, we 
examined the effects of IFE on the LPS-stimulated phosphor-
ylation of ERK, JNK and p38 MAP kinases in RAW 264.7 cells. 
As shown in Fig. 5, LPS clearly stimulated an increase in the 
level of activation of ERK, JNK and p38 MAP kinases in un-
treated cells. However, the induced activities of ERK and p38 
MAP kinases were inhibited by pretreatment with IFE. These 
results suggest that the phosphorylation of ERK and p38 MAP 
kinase may be involved in the inhibitory effect on LPS- stimu-
lated  NF-κB  binding  in  RAW  264.7  cells.
DISCUSSION
The use of herbal medicine is becoming an increasingly at-
tractive  approach  for  the  treatment  of  various  inflammatory 
disorders. Inula japonica, a well known traditional medicinal 
herb,  possesses  diverse  biological  activities  and  pharmaco-
logical function such as hypoglycemic and hypolipidemic ac-
tivities (9). Although the anti-inflammatory activities of active 
compounds  isolated  from  close  species  (Inula  britannica L .  
and Inula viscosa) have been demonstrated in vitro and vivo 
(10-14), those of Inula japonica have not been reported. In 
this study we demonstrated that IFE inhibits the inflammatory 
mediators and the active compounds are different from those 
isolated from Inula japonica or close species (6,15,16) (paper 
preparation).
    Free  radical  NO  is  produced  by  iNOS  and  its  overpro-
duction has been implicated in the pathology of a variety of 
inflammatory disorders, including septic shock (17). A change 
in the NO level through the inhibition of iNOS enzyme activ-
ity or iNOS induction provides a method of assessing the ef-
fects  of  these  agents  on  the  inflammation  process.  In  this 
study,  stimulation  of  macrophages  with  LPS  led  to  a  sig-
nificant  increase  in  the  levels  of  NO/iNOS  as  well  as 
PEG2/COX-2 in macrophages, while IFE attenuated such in-
creases  (Fig.  1  and  2).
    Macrophages release TNF-α, IL-1, IL-6 and other inflam-
matory mediators in response to pathologic stimuli. TNF-α 
elicits a number of physiological effects, such as septic shock 
a n d  i n f l a m m a t i o n  ( 1 8 ) .  I L - 6  i s  a n  e n d o g e n o u s  m e d i a t o r  o f  
LPS-induced fever. The results of this study showed that IFE 
significantly inhibits the release of TNF-α and IL-6 (Fig. 3).
  N F - κB is an important factor regulating the expression of Flowers of Inula japonica Attenuate Inflammatory Responses
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Figure 4. Effect of IFE on NF-κB activation in RAW 264.7 cells. Cells
were pretreated with different concentrations of IFE for 1 h and then
stimulated with LPS (200 ng/ml) for 30 min. Total cellular proteins
and nuclear extracts were prepared for Western blot analysis of NF-κ
B p65 and IκBα proteins. Quantification of band intensities from
three independent results was determined by densitometric analysis. 
The values were expressed as a percentage of maximal band intensity 
in the LPS-treated cells, which was set to 100% (A, B). Cells were 
transiently transfected with the pNF-κB-Luc plasmid using a lipofecta-
mine method. Cells were pretreated with different concentrations of 
IFE for 1 h and then further stimulated with LPS (200 ng/ml) for 6
h. The cells were then harvested and the luciferase activities were 
determined using a Promega luciferase assay system and a lumino-
meter (C). Data represent the mean±S.D. of three different samples. 
*p＜0.001, when compared with the LPS-treated group.
inflammation-associated mediators, such as iNOS, COX-2 and 
TNF-α,  which  contain  NF-κB  binding  motifs  within  their 
promoters (19). Many anti-inflammatory agents exhibit their 
potency  by  suppressing  NF-κB  signaling  (20-22).  In  this 
study,  we  demonstrated  that  the  molecular  mechanism  by 
which IFE inhibits the expression of these inflammatory medi-
ators appeared to involve inhibition of NF-κB activation via 
blocking LPS-stimulated IκBκ degradation and translocation 
of  the  NF-κB  p65  protein  (Fig.  4).  Therefore,  NF-κB-tar-
geted therapeutics might be effective at treating inflammatory 
diseases since a variety of pharmacologic agents have been 
reported to inhibit one or more activation steps in the signal-
ing  pathway  (23).
  MAP kinases are a group of signaling molecules that also 
appear to play a critical role in inflammatory processes (24). 
Several studies have shown that activation of MAP kinases is 
important in the regulation of NO production via control of 
the  activation  of  NF-κB  (25,26).  In  agreement  with  these 
previous observations, the LPS-stimulated RAW cells caused 
phosphorylation of the ERK, JNK and p38 kinases. Treatment 
with IFE was found to significantly inhibit ERK and p38 phos-
phorylation in LPS-stimulated RAW 264.7 cells (Fig. 5), sug-
g e s t i n g  t h a t  M A P  k i n a s e s  a r e  i n v o l v e d  i n  t h e  i n h i b i t i o n  o f  
LPS-stimulated  NF-κB  binding  by  IFE  in  RAW  264.7  cells.
    In conclusion, the results of the present study provide the 
first evidence that IFE inhibits LPS-induced NO, PGE2 and cy-Flowers of Inula japonica Attenuate Inflammatory Responses
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Figure 5. Effect of IFE on LPS-stimulated MAPK activation in RAW 
264.7 cells. Cells were pretreated with different concentrations of IFE
for 1 h and then were incubated with LPS (200 ng/ml) for 30 min.
Whole cell lysates were analyzed for ERK (A), JNK (B) and p38 (C) 
phosphorylation by Western blot analysis. Quantification of band 
intensities from three independent results was determined by 
densitometric analysis. The values were expressed as a percentage of
maximal band intensity in the LPS-treated cells, which was set to 
100%. Data represent the mean±S.D. of three different samples. *p
＜0.05, 
†p＜0.01, 
‡p＜0.001, when compared with the LPS-treated 
group.
tokine (TNF-α and IL-6) production. These inhibitory effects 
of IFE were found to be associated with N F-κB and MAP 
kinase signaling, suggesting a possible approach to the treat-
ment  of  inflammatory  diseases.
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